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AFRODYNAMIC CHARACTERISTICS FROM MACH 1.50 TO 2.86
OF A LIFTING ENTRY VEHICLE ATONE, WITH ADAPTER
SECTIONS, AND WITH A SATURN LAUNCH VEHICLE®

By John T. McShera, Jr., and James F. Campbell
Langley Research Center

SUMMARY

An investigation was conducted in the Langley Unitary Plan wind tunnel to
determine the aerodynamic characteristics of an HL-10 (horizontal lander 10)
entry vehicle with a canopy and a canopy extension and with several arrange-
ments of vertical stabilizing surfaces, the effect of launch-vehicle adapter
sections on the overall loading characteristics of the entry vehicle, and the
aerodynamic characteristics of the Saturn launch vehicle attached to the entry
vehicle with a 45° conic adapter section.

The results showed that the canopy and canopy extension of the entry
vehicle had a slight stabilizing effect on the static stability at trim, little
effect on the maximum trimmed lift-drag ratio, and a stabilizing effect on the
directional stability. This slight increase in longitudinal stability at trim,
however, resulted in noticeable decreases in trim angles of attack. An increase
in the area of the center fin Increased the low-angle-of-attack directional sta-
bility of the tip-fin body, but because of the adverse effect of increase in
angle of attack on the directional-stability contribution of the center fin,
the entry vehicle was unstable at high angles of attack and low Mach numbers
even with the larger center fin.

Use of the launch-vehicle adapter sections attached to the entry vehicle
resulted in a forward shift in the entry-vehicle center of load at the lower
angles of attack. In comparison with a nonlifting vehicle, the lifting entry
vehicle of the present investigation exerted a longitudinal destabilizing
influence on the complete Saturn launch system and introduced significant
nonlinearities in pitching-moment-coefficient curves.

INTRODUCTION

An investigation has been undertaken at the Langley Research Center to
determine the aerodynamic characteristics of a manned 1ifting entry vehicle
having a maximum hypersonic lift-drag ratio of about 1.0. After an extensive
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review of configuration types and analysis of hypersonic and low-subsonic
results on some selected preliminary configurations (for example, refs. 1 to
3), one vehicle shape was selected for further study. The vehicle has been
designated HL-10 (horizontal lander 10). The results reported in references I3
and 5 indicate that for the HL-10 with tip fins D-1 and center fin E, low
directional stability is a problem area at low supersonic speeds.

As part of the general investigation of this vehicle, the present program
was aimed at providing information on the effect of a canopy and a canopy
extension on the stability of the vehicle alone and on the effect of changes
in the center vertical fin on the directional-stability characteristics. In
addition, the effect of launch-vehicle adapter sections on the overall loading
characteristics of the vehicle aslone was determined. Included in this paper
are results for the HL-10 entry vehicle attached to the Saturn launch vehicle
with the 450 conic adapter section.

The results were obtained in the Langley Unitary Plan wind tunnel for the
entry vehicle over an angle-of-attack range from about -T7° to about 360 and for
the entry vehicle attached to the Saturn launch vehicle from about -6° to about
200 -

SYMBOLS

The results are presented as force and moment coefficients with 1lift,
drag, and pitching moment referred to the stability-axls system and rolling
moment, yawing moment, and side force referred to the body-axis system.

The reference center of moments for the entry configuration alone and with
adapter sections was located at 53 percent of the body length behind the nose,
and at 1.25 percent of the body length below the body reference line. For the
Saturn launch vehicle attached to the entry vehicle (launch configuration), the
reference center was on the launch-vehicle center line and 68.5 percent of the
total length behind the nose of the entry vehicle. Zero angle on all control
surfaces is defined as that condition where the surface is in line with the
normal contours of elements of the model immediately upstream of the surface.

b body reference span (for entry configuration, 10.310 in.; for launch
system, diameter of circle which would enclose first-stage tanks,
3.392 in.)
c Drag
D drag coefficient, S
cp, 117t coefficient, L%gi
Cy; rolling-moment coefficient, Rolling moment

gSh
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CZB effective~dihedral parameter, Zﬁlv per deg
Cn pitching-moment coefficient, Pitching moment
asi
C longitudinal-stability parameter at trim —= per deg
D, trim > Mo’
. - Yawing moment

Cn vawing-moment coefficlent, 350

CnB directional-stability parameter, 5523 per deg

Cy side-force coefficient, §2§Sa§2223

CYB lateral-force parameter, ZEX, per deg

2 body reference length (for entry configuration, 16.00 in.; for
launch system, diameter of circle which would enclose first-stage
tanks, 3.392 in.)

L/D lift-drag ratio, Cr,[Cp

(L/D) oy, trim  Weximum trimmed lift-drag ratio

M Mach number

q free-stream dynamic pressure, 1b/sq ft

r radius

S reference area (for entry configuration, planform area, 0.634 sq ft;
for launch system, cross-sectional area of circle which would
enclose first-stage tanks, 0.06275 sq ft)

X,Y,Z longitudinal, lateral, and vertical body axes, respectively

X,¥,Z ordinates along X, Y, and Z body axes, respectively, in.

a angle of attack referred to body reference line, deg

Onom nominal angle of attack (to nearest degree)

atrim angle of attack for trim, deg

B angle of sideslip referred to plane of symmetry, deg

Rk
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B resultant angle of roll-control flap (positive deflection generates
negative rolling moment), B¢ right - De,lefts deg

Be resultant angle of pitch-control flaps (positive when trailing edge
5} + 9
is down), e,right - e,left’ deg

APPARATUS AND PROCEDURE

Wind Tunnel

The tests were conducted in the low Mach number test section of the
Langley Unitary Plan wind tunnel. The tunnel is a variable-pressure continuous.
flow type. The test section is 4 feet square and approximately 7 feet in
length. The nozzle leading to the test section is of the asymmetric sliding-
block type, and the Mach number may be varied continuously through a range from
1.50 to 2.86. Further detalls of the wind tunnel may be found in reference 6.

Models

Details of the 16-inch entry model are presented in figure 1 and ordinates
defining the cross~sectional shape of the model without the tip fins, center
fin, canopy, and canopy extension are presented in table I. The entry model
has a leading-edge sweep angle of T4O. The body cross section has a rounded
top with a flat bottom and blunted leading edges. Directional stability is
provided by two tip fins rolled out approximately 25° from the vertical and
toed in parallel to the wing leading edges. These tip fins are designated D-1,
which is the same designation used in reference 4. The two center-fin arrange-
ments are illustrated in figure 2. The center fin is located in the plane of
symmetry and has a blunted 6° wedge airfoil section. The larger center fin,
designated E, has previously been investigated and some of the results are
presented in references 4 and 5. The smaller center fin, designated O, was
obtained by reducing the span of fin E.

The entry vehlcle of the present investigation differs from the vehicle of
references 4 and 5 in that a canopy and a canopy extension have been added.

A drawing of the 16-inch entry model and three truncated-cone—cylinder
adapter sections is presented in figure 3. The adapter sections represent the
section of the launch system that attaches the entry vehicle to the Saturn
second stage. By considering these adapter sections as a reference size, the
16-inch entry-vehicle model would have an equivalent full-scale length of
31.5 feet. Three adapter sections (designated A, B, and C) were used in this
investigation. These adapter sections had a constant length of 12.22 inches;
adapters A, B, and C had a h5°, 350, and 25° half-cone angle, respectively.
During this phase of the investigation a windshield cover was provided for the
surface of the canopy windshield, and abort rockets were added.
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The model of the launch system (Saturn launch vehicle, 45° adapter sec-
tion, and entry vehicle) is shown in figure 4. The entry model of this con-
figuration has abort rockets and the windshield cover for the canopy. Existing
models were used when an entry model was attached to a launch-vehicle model
having a scale of 0.0132. The entry model had an equivalent full-scale length
of 28.4 feet.

Photographs of models of the entry vehicle alone and with launch-vehicle
adapter B are shown in figure 5.

Test Conditions

The test conditions are summarized in the following table:

Mach Stagnation Stagnation Reynolds mumber
number temperature, pressure, r foot
1b/sq ft abs pe °
Entry vehicle alone and with adapter sections
1.50 125 885 1.59 x 106
1.80 125 969 1.59
2.16 125 1133 1.59
2.86 125 162k 1.59
Launch system
1.57 125 ko 2.7 x 100
2.16 125 1882 2.8
2.86 125 2613 2.9

The tests on the entry vehicle alone and with the launch-vehicle adapter
sections were made over an angle~of-attack range from -7° to 30 and at angles
of sideslip of about 0° and 5°. Six-component force and moment measurements
were made on the entry vehicle alone and with the adapter sections. The moment
center of both configurations was the same. When the entry vehicle was attached
to the adapter sections, a small but finite separation existed between the model
and the adapter to prevent nonaerodynamic interference between parts.

The investigation of the launch configuration was made over an angle-of-
attack range from -6° to 20° and at an angle of sideslip of 0°. The dewpoint
temperature for all tests was maintained below -30° F to eliminate any signifi-
cant condensation effects. Data at angles of attack above 320 at M = 1.50 are
possibly affected by reflected shock waves. This problem is not evident at the
higher test Mach numbers.

. M 5
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Accuracies

The data have been corrected for flow angularity, and the balance-sting
deflection due to load has been accounted for in the computation of the angles
of attack and sideslip.
ditions at the model base.

The data have not been corrected to free-stream con-

The accuracy of the individually measured quantities and coefflcients
based on calibrations of the balance and repeatability of the data is estimated
to be within the following limits:

The results

of this

PRESENTATION OF

investigation are

Typical schlieren photographs . . . . . .

Longitudinal characteristics of the entry configuration
for various fin arrangements; 8g = d5 =

Longltudinal characteristics of the entry configuration for
various pitch-~control deflections; tip fin D-1, center
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Effect of canopy and canopy extension on trimmed longitudinal
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Lateral stability characteristics of the entry configuration
for various fin arrangements; Be = 85 =

Effect of canopy and canopy extension on the directional-stability
parameter of the entry configuration; tip fin D-1, center fin E,
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Figure

Effect of adapter sections on the longitudinal characteristics

of the entry configuration; tip fin D-1, center fin E,

Be =8 =00 v ¢ v ¢ i i et e e e e e e e e e e e e e e e e e e 13
Longitudinal characteristics of the launch system (Saturn

launch vehicle, adapter A, and entry vehicle); tip fin D-1,

center fin E, B =85 =00 . & ¢ v v v v i it e e e e e e e e e e e 1k

RESULTS AND DISCUSSION

Entry Vehicle Alone

Longitudinal characteristics.- The results in figure T show that addition
of the tip fins increased the longitudinal stablility and the lift-curve slope
of the entry configuration because of the rolled-out orientation of the fins.
The tip fins also decreased the lift-drag ratio. Both the stability and per-
formance effects of the tip fins decrease with increase in Mach number.

The longitudinal characteristics of the entry configuration shown in fig-
ure 8 are summarized in figure 9 at trim angles of attack. Presented also, in
order to show the effect of canopy and canopy extension, are the longitudinal
characteristics reported in reference 4 of the HL-10 without canopy and canopy
extension. The results show that the canopy and canopy extension had a slight
stabilizing effect on the longitudinal-stability parameter at trim and little
effect on the maximum trimmed lift-drag ratio within the Mach number range.

It is also shown that for a given elevator deflection lower trim angles of
attack are obtained for the model with the canopy and extension than for the
model without the canopy and extension. The decreased trim capability is due
to the aforementioned increase in stability st high angles of attack for the
model with the canopy and extension over that for the model without the canopy
and extension. The canopy and the canopy extension, although having some
effect on the control effectiveness when the elevator is deflected upward, do
not appear to have a significant influence on the static controllabllity of the
configuration.

Lateral characteristics.- The lateral-stability parameters (fig. 10) for
the vehicle alone show that the side area provided by the tip fins increases
the directional stability of the body at all angles of attack and Mach numbers.
Both sizes of center fins provide additional directional stability, but the
center-fin contribution diminishes as angle of attack and Mach number increase.
The large center fin E, of course, provides a greater stabilizing influence
than does the small center fin O under most test conditions. The entry vehicle
is not, however, directionally stable at the higher angles of attack and lower
Mach numbers (M = 1.50 and 1.80), even with the larger center fin combined with
the tip fins, because of the reduction in the center-fin contribution to sta-
bility with increase in angle of attack.

- UNCLASSIFIED 7
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A comparison of the results presented in this paper and the results from
reference 4 for the configuration with center fin E and tip fin D-1 is pre-
sented in figure 11 for an angle of attack of 22.5° and shows the effect of the
canopy and canopy extension on the directional-stability parameter. These
results indicate that the canopy and canopy extension are directionally stabi-
1izing throughout the Mach number range. This stabilizing effect may be
expected because the distance between the center-fin centroid and the model
reference axis was increased when the fin was mounted on top of the canopy
extension. Also the distribution of canopy-extension side area about the
center of moments is such that the area behind the center of moments is
greater than the area forward of the center of moments.

The lateral-stebility results (fig. 12) also show that deflection of the
longitudinal controls had no significant eifeci on ULhe tharacierlstics OF thd
entry configuration.

Entry Vehicle With Adapter Sections

An indication of the effect of adapter sections on the overall loading
characteristics of the entry vehicle is shown by the longitudinal character-
istics of figure 13. These results indicate that the adapters, in general,
decrease configuration 1ift and increase positively the pitching moment. The
1lift decrease and pitch increase are not proportional to adapter conic angle,
angle of attack, or Mach number.

The loss in 1ift and the increase in pitching moment occurring in the
lower angle-of-attack range indicate a forward movement in the entry-vehicle
center of load. At the higher angles of attack, where for adaspter A some
increase in configuration 1lift and negative change in pitching moment occurs,
a rearward change in the vehicle center of load is indicated.

An indication of the effect of the adapter sections on the alrflow charac-
teristics about the entry vehicle is seen in the schlieren photographs, fig-
ures 6(b) and 6(c). Note varying amounts of separation on the lower surface
of the entry vehicle when adapter sections and angles of attack are changed.

Launch System

The longitudinal characteristics of the lifting entry vehicle combined
with a Saturn launch vehicle are presented in figure 14. In comparison with a
nonlifting vehicle (see ref. 7), the lifting entry vehicle of the present
investigation, as expected, destabilizes the complete launch system. It should
be noted in meking this comparison that allowances must be made for existing
differences in launch-vehicle geometry, such as fins, protuberances, and nose
shapes. The results of the present investigation also show considerable change
in pitching moment at any small angle of attack with change in Mach number.
This change in pitching-moment levels, as well as the nonlinearity of the
pitching-moment-coefficient curves at relatively low angles of attack (fig. 1h4)

8 A
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indicates that first-stage control programming would be more complicated with
the 1lifting entry vehicle of the present investigation than with the nonlifting
vehicle.

CONCLUSIONS

An investigation was conducted to determine the aerodynamic characteristics
of an HL-10 entry vehicle with a canopy and a canopy extension and with several
arrangements of vertical stabillizing surfaces, to establish the overall loading
changes resulting from several types of launch-vehicle adapter sections, and to
determine the aerodynamic characteristics of a Saturn launch vehicle attached
to an HL-10 entry vehicle with a 450 conic adapter section. The results indi-
cated the following conclusions:

1. The canopy and canopy extension of the entry vehicle had a slight sta-
bilizing effect on the static stability at trim and little effect on the maxi-
mum trimmed lift-drag ratio within the Mach number range. This slight increase
in longitudinal stability at trim, however, resulted in noticeable decreases in
trim angles of attack.

2. An increase in the area of the center fin increased the low-angle-of-
attack directional stability of the tip-fin body, but because of the adverse
effect of increase in angle of attack on the directional-stability contribution
of the center fin, the entry vehicle was unstable at high angles of attack and
low Mach numbers (M = 1.50 and 1.80) even with the larger center fin.

3. The canopy and canopy extension slightly increased the level of direc-
tional stability at high angles of attack within the Mach number range.

4. Use of the adapter sections with the entry vehicle resulted in a for-
ward change in the entry-vehicle center of load at the lower angles of attack
and all test Mach numbers.

5. In comparison with a nonlifting vehicle, the 1ifting entry vehicle of
the present investigation exerted a longitudinal destabilizing influence on
the complete launch system and introduced significant changes in the levels of
pltching moment as well as appreciable nonlinearities of the pltching-moment-
coefficient curves.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Station, Hampton, Va., April 12, 1965.
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TABLE T.- ORDINATES DEFINING CROSS~SECTIONAL SHAPE OF HL-10 WITHOUT

TIP FINS, CENTER FIN, CANOPY, AND CANOPY EXTENSION

v | vn s {wn || sn | yn Len [on Jean Jon Jen [on]en o Jen | o
x/1 =-0.042 x/1 = 0.208 x/1 = 0.292 x/1 = 0.b17 x/1 = 0.500 x/1 = 0.583 x/1 = 0.667 x/1 = 0.792
0.0541 ] 0 0.0792 |0 -0.0167 | 0.1119( 0.081%4 | 0 0.0782 0 0.0741 |0 0.0553 | 0.1541 || 0.0578 ] 0
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(@) Entry vehicle.

Figure 5.- Model photographs.
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(b) Entry vehicle in presence of launch-vehicle adapter section B.
Figure 5.- Concluded.
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(@) Entry vehicle. apom = 80 M = 2.86. L-65-86

Figure 6.- Typical schlieren photographs of models.

18 P -

UNCLASSIFIED




n

UNCLASSIFIED

[ogd
"
o
n
o
o

= 24°

(b) Entry vehicle. Fins EandD-l; M = 2.86. L-65-87

Figure 6.- Continued.
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Figure 6.- Continued.
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a = 4.0°; M = 2.86

(d) Launch system (Saturn launch vehicle, adapter A, and entry vehicle). Fins E and D-1.

Figure 6.- Concluded.
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- 10 the expansion of human. Rnowl-
bere and space.. The Administration
practicable and appropriate dissemination
ctivities and the vesults thereof.”

—~NATIONAL AERONAUTICS AND SPACE ACT OF 1958

- NASA SCIENTIFIC AND TECHNICAL PUBLICATIONS

E TECHNICAL REPORTS._ Saentxﬁc and technical information considered .
attant, ébmylete, and a lastmg contribution to existing knowledge.

; ; !CAL NOTES Informatlon less broad in scope but neverdxeless
: of unporttnce sz conmbuuon to exrstmg knowledge. i

TECHNICAE MEMORANDUMS Information rece:vmg limited distri-
bemaseef prelumnary dam, security dassxﬁcauon, or other reasons.

a CONTRACTOR 'REPORTS: Technical information genefated in con-
- necnon thha NASA contract or grant aud released under NASA auspices.
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. TECHNICAL TRANSLATIONS‘ Informanon published : in a foreign
Jan}guage considered to merit NASA distribution in English. '

TECHNICAL REPRINTS: Information derived from NASA activities
and initially published in the form of journal articles.

SPECIAL PUBLICATIONS: Informarion derived from or of value to
"INASA activities but not necessarily reporting the results -of individual
NASA-programmed scientific efforts. Publications include conference
proceedings, monographs, data compilations, handbooks, sourcebooks,
and special bibliographies.

Details on the availability of these publications may be obtained from:

SCIENTIFIC AND TECHNICAL INFORMATION DIVISION
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Washington, D.C. 20546




